Isolated distal deep vein thrombosis (IDDVT) represents up to half of all lower limb DVT. This study investigated treatment patterns and outcomes in 2,145 patients with IDDVT in comparison with those with proximal DVT (PDVT; n ¼ 3,846) and pulmonary embolism (PE; n ¼ 4,097) enrolled in the GARFIELD-VTE registry. IDDVT patients were more likely to have recently undergone surgery (14.6%) or experienced leg trauma (13.2%) than PDVT patients (11.0 and 8.7%, respectively) and PE patients (12.7 and 4.5%, respectively). Compared with IDDVT, patients with PDVT or PE were more likely to have active cancer (7.2% vs. 9.9% and 10.3%). However, influence of provoking factors on risk of recurrence in IDDVT remains controversial. Nearly all patients (IDDVT, PDVT, and PE) were given anticoagulant therapy. In IDDVT, PDVT, and PE groups the proportion of patients receiving anticoagulant therapy was 61.4, 73.9, and 81.1% at 6 months and 45.8, 54.7, and 61.9% at 12 months. Over 12 months, the incidence of all-cause mortality, cancer, and recurrence was significantly lower in IDDVT patients than PDVT patients (hazard ratio [HR], 0.61 [95% confidence interval [CI], 0.48-0.77]; sub-HR [sHR], 0.60 [95% CI, 0.39-0.93]; and sHR, 0.76 [95% CI, 0.60-0.97]). Likewise, risk of death and incident cancer was significantly (both p < 0.05) lower in patients with IDDVT compared with PE. This study reveals a global trend that most IDDVT patients as well as those with PDVT and PE are given anticoagulant therapy, in many cases for at least 12 months.
Introduction
Venous thromboembolism (VTE) encompasses deep vein thrombosis (DVT) and pulmonary embolism (PE). 1, 2 According to the International Society on Thrombosis and Haemostasis (ISTH), VTE affects 115 to 269 persons per 100,000 population worldwide. 3, 4 In the United States, mortality due to VTE has been estimated in the range of 9.4 to 32.3 per 100,000. 3 DVT affecting the lower limbs can be broadly divided anatomically into proximal (PDVT) and distal DVT. PDVT involves the iliac, femoral, or popliteal veins. Distal DVT is located below the level of the knee joint involving the posterior and anterior tibial, peroneal, and calf muscle veins. 5 DVT detectable only in the distal leg veins-isolated distal DVT (IDDVT)-represents 20 to 50% of all lower limb DVT. 6 The optimal management of IDDVT is not well defined. [7] [8] [9] Most DVT arises in the calf veins, and although many cases spontaneously resolve, some may propagate to proximal leg veins, typically within a short space of time. 5, 10 Proximal thrombi are more likely to embolize than distal thrombi. 5 Studies investigating the proportion of untreated/treated IDDVT patients who are at risk of proximal extension have produced wide-ranging results. 5, 6, 11 Of note, a recent randomized controlled trial of anticoagulant therapy in low-risk patients with IDDVT did not demonstrate any reduction of adverse outcomes compared with no treatment, albeit the trial was stopped prematurely due to slow recruitment. 12 International treatment guidelines such as those issued by the American College of Chest Physicians (ACCP) 13, 14 recommend giving anticoagulant therapy in patients with PDVT or PE as well as IDDVT with severe symptoms or risk factors for extension to proximal veins (inpatients, prior history of VTE, cancer). Optimal duration of anticoagulant therapy is based on whether DVT is provoked, unprovoked (idiopathic), or associated with cancer. Surveillance using compression ultrasonography (CUS) over 2 weeks without initiating anticoagulation is suggested in low-risk IDDVT patients. However, these are "weak" recommendations based on low-quality evidence (grade 2C). 14 Moreover, as the ACCP guidelines acknowledge, in the absence of long-term safetymonitoring studies the relative usefulness of newer "direct oral anticoagulant" (DOAC) therapies against VTE remains unclear. 14, 15 This study investigated the clinical characteristics, treatment patterns, and 1-year outcomes in patients with IDDVT in comparison with those with PDVT (AEdistal) and PE (AEany DVT) enrolled in the GARFIELD-VTE registry.
Methods

Study Design and Participants
The GARFIELD-VTE registry (ClinicalTrials.gov identifier: NCT02155491) is an ongoing, prospective, noninterventional, observational study of 10,685 patients with objectively diagnosed VTE, from 415 sites in 28 countries. The study design has been previously reported. 16 Patients were recruited from centers representative of the various care settings for each country. They were consecutively enrolled, and unselected. No specific treatments, tests, or procedures were mandated by the study protocol. Decisions to initiate, continue, or change treatment were solely at the discretion of treating physicians.
The registry records treatment patterns for acute VTE as well as the rate and nature of VTE recurrence, bleeding complications, and all-cause mortality over 36 months of follow-up. Patients were recruited across a range of clinical settings, including vascular medicine, general practice, and internal medicine. Patients aged !18 years with a confirmed diagnosis of VTE within 30 days of entry into the registry were eligible for inclusion. Excluded were patients with superficial vein thrombosis, those who had not completed treatment for a previous VTE, patients participating in another interventional study, and those in whom long-term follow-up was not envisaged.
Data Collection
Data were captured by electronic case report form (eCRF), submitted to the registry-coordinating center (eClinicalHealth Services, Stirling, United Kingdom) via secure Web sites, and analyzed by the Thrombosis Research Institute, London, United Kingdom. The completeness and accuracy of data collected from medical records are checked by the registry-coordinating center and the source data verified in 10% of all cases. Data on outcomes relevant to the registry are collected through review of clinical records and patient notes. These include: patient demographics, medical history, provoking VTE risk factors (within the previous 3 months), symptoms, nature of VTE (extent and location), and method and date of diagnosis. Importantly for the present analysis, no formal definitions for IDDVT, PDVT, or PE are included in eCRFs; they include a field "type of lower limb DVT" with three options: (1) distal DVT, (2) PDVT, or (3) both distal DVT and PDVT. Routinely performed tests are documented (including hemoglobin, platelet count, international normalized ratio, and creatinine). All patients are followed prospectively for a minimum of 36 months.
Outcomes
In this real-world observational study, outcomes were recorded in standardized eCRFs at each participating centre. Outcomes of interest were incidence of recurrent VTE episode, all-cause mortality, bleeds (any or major as defined by the ISTH criteria 17 ), cancer (diagnosed at least 30 days after index VTE), myocardial infarction/acute coronary syndrome, and stroke/transient ischemic attack (TIA). This study did not capture event rates according to treatment status. Outcomes were not independently adjudicated.
Subanalysis: Influence of Provoking Factors on Future Risk
A subanalysis was performed to investigate whether site of DVT interacts with known VTE provoking factors to influence risk of adverse outcomes. Patients with IDDVT and PDVT were: (1) stratified by the presence of recent, ISTH-defined 18 transient provoking factors (at least one of surgery, hospitalization, pregnancy, hormone replacement therapy/oral contraception, acute medical illness, or trauma of lower limb within 3 months prior to enrolment), persistent provoking factor such as active Thrombosis and Haemostasis cancer at baseline, or none of these provoking factors; and (2) their 1-year incidence of all-cause mortality, VTE recurrence, and major bleeding was investigated.
Ethics
The registry is being conducted in accordance with the Declaration of Helsinki and guidelines from the International Conference on Harmonization on Good Clinical and Pharmacoepidemiological Practice, and adheres to all applicable national laws and regulations. Independent ethics committee for each participating country and hospital-based institutional review boards approved the registry design. All patients provided written informed consent to participate.
Statistical Analyses
Baseline demographics, regional characteristics, and treatments are presented by VTE subgroup. Continuous variables are summarized as means (standard deviation [SD]), medians (interquartile range, and ranges (min-max). Categorical factors are reported as frequency count (percentage). Event rates (per 100 person-years) and associated standard errors were estimated using a log-linked generalized linear model (Poisson regression). Large-sample 95% confidence intervals (95% CIs) were obtained by inverting the link function. In this analysis, mortality was posed as a competing risk for all other clinical outcomes. Thereby, hazard ratio (HR) for death was estimated by Cox model, and sub-HRs (sHRs) for other outcomes were calculated by Fine-Gray model. 19 HR and sHRs were obtained adjusting for covariates sex and age. Model coefficients were assessed by Wald chi-squared test. Mean and variance of ratios for regional characteristics were estimated assuming normality and using a first-order Taylor approximation. Variance components were estimated by bootstrap method assuming a constant coefficient of variation across regions. A p-value of 0.05 was considered statistically significant. Statistical analyses were performed on data extracted from the registry in May 2018, using SAS Enterprise Guide version 7.1 (SAS Institute Inc., Cary, North Carolina, United States).
Results
Demographics and Pathways of Care
Baseline clinical characteristics of the GARFIELD-VTE cohort have been reported elsewhere. 20 Of the 10,088 eligible patients, 2,145 (21.3%) were classified as having IDDVT, 3,846 (38.1%) PDVT, and 4,097 (40.6%) PE (see group assignation decision tree; ►Fig. 1). Mean (SD) age and body mass index were 58.6 (16.9) years and 28.4 (6.6) kg/m 2 ; no notable difference in these parameters was observed among the clinical subgroups (►Table 1). The majority of patients were recruited from European countries (56.2%) and Asia (17.1%). Individual country data on patients with a diagnosis Table S1 (available in the online version). The ratio between the incidence of IDDVT to that of PDVT varied strikingly across countries, ranging from 0.15 (95% CI, 0.11-0.18) in Canada to 1.96 (95% CI, 1.51-2.41) in Australia (►Supplementary Fig. S1 , available in the online version).
Most patients (> 60%) with IDDVT, PDVT, and PE had at least one identifiable provoking risk factor within 3 months prediagnosis (►Fig. 2). Specifically, IDDVT patients were more likely to have undergone surgery (14.6%) or experienced trauma to a lower limb (13.2%) than PDVT patients (11.0 and 8.7%, respectively) and PE patients (12.7 and 4.5%, respectively). Compared with IDDVT, patients with PDVT or PE were more likely to have active cancer (7.2% vs. 9.9% and 10.3%) and a prior history of VTE (13.8% vs. 17.2% and 14.6%) (►Fig. 2).
Pretest probability scores (e.g., Wells score) were used in only 4.9% of the overall sample. DVT was diagnosed using CUS in nearly all cases (95.8%) with a positive D-dimer assay obtained in approximately one-quarter (26.3%). Contrast venography was rarely used (1.3%). PE was diagnosed by computed tomography (CT) pulmonary angiography in 91.8% of patients. Following diagnosis, nearly all patients (IDDVT, PDVT, and PE) were initiated on anticoagulant therapy either alone (overall, 93.0%) or in combination with other treatments such as thrombolytics (►Table 2). In all three subgroups, treatment started with parenteral anticoagulant plus vitamin K antagonist (VKA) or DOAC alone more often than with parenteral anticoagulant alone (overall, 59.1% vs. 16.2%). Patients with IDDVT were more likely to receive DOAC alone as initial therapy compared with those with PDVT and PE (44.5% vs. 32.3% and 26.4%). Overall, use of graded compression stockings (GCS) was 35.7%. Patients with IDDVT or PDVT were more likely to receive GCS than those with PE (42.8% and 46.9% vs. 21.5%). Only 2.1% patients received no therapy or GCS only (►Table 2).
The duration of anticoagulant treatments is shown in ►Fig. 3. Extension of anticoagulant therapy beyond 3 months 
Clinical Outcomes
One-year outcomes calculated per 100 person-years are displayed in ►Table 3. In the IDDVT, PDVT, and PE groups, VTE recurrence rates and their associated 95% CI were 4.8 A forest plot of sHRs for predefined adverse outcomes in patients with IDDVT versus PDVT is provided in ►Fig. 4. Over 12 months of follow-up, the incidence of all-cause mortality and de novo cancer was significantly lower in IDDVT patients than PDVT patients (HR, 0.61 [95% CI, 0.48-0.77]; p < 0.0001 and sHR, 0.60 [95% CI, 0.39-0.93]; p ¼ 0.0229, respectively). Incidence rate for recurrent VTE was significantly lower for IDDVT than PDVT patients (sHR, 0.76 [95% CI, 0.60-0.97]; p ¼ 0.0298). IDDVT patients were significantly less likely to experience bleeding events (major or otherwise) (sHR, 0.69 [95% CI, 0.57-0.84]; p ¼ 0.0002), although the incidence of major bleeding was not significantly different between groups (sHR, 0.80 [95% CI, 0.49-1.28]; p ¼ 0.3503). The incidence of arterial thrombotic events was not significantly different between patients with IDDVT and PDVT (►Fig. 4).
Differences in the relative risk of experiencing a range of adverse outcomes during 12 months postdiagnosis were even more pronounced in patients with IDDVT versus PE; outcomes of interest are shown in ►Fig. 5. Apart from recurrent VTE (sHR, 1.16 [95% CI, 0.89-1.51]; p ¼ 0.2663) and stroke/TIA (sHR, 0.59 [95% CI, 0.29-1.20]; p ¼ 0.1458), all adverse outcomes including death and cancer were significantly (all p < 0.05) less likely to occur in patients with IDDVT than in those with PE.
Influence of Provoking Factors on Future Risk
Results of investigation into whether location of leg DVT interacts with recent provoking factors to influence risk are presented in ►Table 4 and ►Fig. 6. In patients with unprovoked DVT and those with active cancer, risk of all adverse outcomes was generally lower in the IDDVT versus PDVT group albeit nonsignificantly. On the other hand, in patients with transient provoking factors risk of all-cause mortality and recurrence was significantly lower in IDDVT versus PDVT patients and hazard for major bleeding somewhat lower albeit nonsignificantly.
Discussion
This study investigated the clinical characteristics, treatment patterns, and 1-year outcomes in a total of 10,685 patients with IDDVT, PDVT, and PE using real-world data as captured by the global GARFIELD-VTE registry. 16 The data set included 2,145 patients with IDDVT (21.3%), 3,846 with PDVT (38.1%), and 4,097 with PE (40.6%), mostly from Europe.
The present analysis both confirms what has been previously demonstrated in this clinical context and sheds new light on some aspects of the disease. In line with previous estimates, 6, 21, 22 IDDVT patients accounted for approximately one-third of all patients with lower limb DVT (2,145 of 5,991 patients overall). Based on the observed frequencies, there was a trend toward a higher proportion of IDDVT patients having recent provoking factors compared with those with PDVT or PE. PDVT and PE were more closely associated with an underlying disease condition (especially cancer) or previous episode of VTE. Diagnosis and treatment patterns suggest that the GARFIELD-VTE cohort largely received standard care according to international guidelines-with some notable exceptions (see below). DVT was diagnosed using CUS in nearly all cases with a positive D-dimer assay frequently obtained, although a pretest probability score (e.g., Wells score) was rarely Overall, IDDVT patients comprised approximately onethird of the entire cohort of DVT. However, the relative proportions of IDDVT versus PDVT varied considerably from country to country, with some centers paradoxically showing a marked preponderance of the former over latter presentation. Rather than being a reflection of the true epidemiologic picture, or an artifact of random sampling, this finding could be due to different local practices in performing diagnostic tests. It is believed that many centers worldwide limit CUS scan to proximal veins while others perform whole-leg imaging. 12 Furthermore, there is no uniform definition for "IDDVT," 5 and it is conceivable that Thrombosis and Haemostasis some patients with thrombosis involving calf muscle veins and not axial vessels might have been excluded. These observations cast doubts in two directions. In some countries there might exist underdiagnosis, with potential harm due to missed cases, whereas elsewhere overdiagnosis due to false positives or picking up clinically irrelevant cases may cause potential harm due to unnecessary treatment, as other authors have also suggested. 11 Although treatment patterns in the GARFIELD-VTE cohort appear to follow guideline-recommended practice, these real-world data reveal some interesting divergences. Notably, nearly all patients with IDDVT received anticoagulant therapy, including chronic anticoagulant therapy. Two recent, large-scale clinical investigations 12, 23 have suggested that anticoagulant therapy had little utility and was possibly harmful in low-risk patients (the majority) with IDDVT. International clinical practice guidelines 13, 14 reflect these results by not generally advocating anticoagulant therapy against IDDVT, unless severe, and instead recommend risk stratification in these patients. In the present study, only 13.8% had prior VTE and 7.2% active cancer. On the other hand, nearly half reported recent provoking factors within 30 days prior to enrolment. This suggests that the majority would be considered "low risk" in whom anticoagulant therapy is not generally recommended. However, active treatment of emergent IDDVT rather than risk-stratified therapy appears routine practice globally.
Decision to extend anticoagulant therapy beyond 3 months was widespread, including in patients with IDDVT. This finding is surprising for at least two reasons: recurrence rate is believed lower in patients with IDDVT than in those with PDVT, 24, 25 and this disease entity is often caused by temporary provoking factors, 21, 22 as the present study appears to confirm. Use of prolonged (> 3 months) anticoagulant therapy was even higher in patients with PDVT and PE. For both initial treatment and longer-term anticoagulation, DOACs were more frequently selected than VKA in all VTE patients. As a corollary of the high proportion of patients who received extensive anticoagulation therapy, there was a very low prevalence of IDDVT patients who received no anticoagulation or GCS (3.0%), despite guidelines (e.g., ACCP 13, 14 ) recommending this strategy in many low-risk individuals.
Some recent evidence suggests that the prognostic significance of leg DVT location (IDDVT or PDVT) interacts with the presence of provoking factors, especially cancer. [24] [25] [26] Valerio's group 26 showed that in the absence of provoking factors patients with IDDVT were less likely to experience recurrence than those with PDVT, whereas the prognostic impact of DVT location was weaker if the lesion were provoked. In contrast, the present study shows that the risk of recurrence and death was decreased in IDDVT versus PDVT patients with transient provoking factors, and that DVT location was a less important prognostic indicator in unprovoked patients and those with cancer. Hence, controversy remains as to whether the presence of transient provoking factors influences future risk or the decision to treat IDDVT.
This study has a number of limitations. Apart from its realworld registry design (unselected, consecutive patients), there was no control group of IDDVT patients with which to compare treatment patterns and their success. For example, recurrence rates in patients who continued long-term anticoagulant therapy versus those who stopped treatment early are unknown, as are recurrence rates in untreated patients with IDDVT versus PDVT. As noted above, specific site of IDDVT was not recorded (axial or muscular), which may have impacted treatment strategy.
In conclusion, the GARFIELD-VTE registry provides realworld data showing how patients with VTE are being diagnosed and treated around the world. This study suggests that patients presenting with IDDVT are likely to have experienced recent provoking factors such as leg trauma and hospitalization. They are less likely to develop cancer compared with PDVT and PE patients, and have a lower HR for experiencing VTE recurrence. Almost all IDDVT patients received anticoagulant therapies, in nearly half of the cases for at least 12 months. Very few IDDVT patients were deferred anticoagulants. These findings point to a need for better-defined risk stratification for IDDVT as well as closer implementation of guideline-recommended practice.
What is known about this topic?
• In many cases isolated distal DVT (IDDVT) occurring below the knee may spontaneously resolve; on the other hand, it could extend proximally and lead to pulmonary embolism. • Decision whether to provide anticoagulation against IDDVT is influenced by perceived level of risk.
What does this paper add?
• In this large, global, observational cohort study patterns of diagnosis and treatment of IDDVT were analyzed and compared with proximal DVT (PDVT) and pulmonary embolism (PE). • IDDVT was more often associated with transient provoking factors whereas PDVT and PE likelier resulted from persistent provoking factors. • Risk of serious outcomes such as death and cancer was lower for IDDVT than for PDVT and PE. • All patients with IDDVT, PDVT, and PE received anticoagulation therapy. • Controversy remains as to whether the presence of provoking factors predicts future risk in patients with IDDVT.
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